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Basing on the kwon experimental measurements of differential cross sections on n3He elastic 
scattering in the angular energy range 200 - 1600  the standard phase shifts analysis was performed at 
the energies from 1 MeV up to 5 MeV. 
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Introduction 
 
In [1] we reported on the possibility of description of Coulomb form-factors of lithium 
isotopes within the framework of potential cluster model (PCM) [2,3] based on the deep 
attractive potentials including forbidden by Pauli principle states [4] revealed in two- body 
cluster interaction potentials [5]. So then we succeeded in the reproducing of all available data 
on 6Li [6] characteristics including very queasy one, i.e. quadrupole momentum calculated in 
PCM with tensor forces. Following this approach we succeeded in the description of the 
astrophysical S-factor of the radiative capture in the following systems as 2H3He, 3He4He, 
3H4He, 2H4He, n7Li, n2H, p2H, and p12C [7], but basing on the modified PCM (MPCM), see 
for details [8]. 
Actual results for MPCM we expert as the essential ansatz of the declared method [3,9] 
of the constructing of the interaction potentials according the symmetry classification by 
Young schemes. One of the critical characteristics might be recognized the astrophysical S - 
factor [10], or the coordinating total cross sections of the corresponding reactions [11], as well 
as radiative n3He capture at astrophysical energies treated in our earlier works [3,4,7,8]. 
Thus, we are going to apply this very method to the description of the n3He scattering 
channel bearing in mind quite analogue similar phase shift analysis for the following systems 
p6Li [12], n12C [13], p12C [14], 4He4He [15], 4He12C [16], p13C [17], p14C [18] и n16O [19] 
rather following the purposes of astrophysical applications. 
 
Phase shifts analysis methods 
 
Just following the compact presentation of the given calculations let us remark that elastic 
scattering cross sections in the systems with spin structure 1/2 + 1/2 have more or less simple 
form, but cumbersome to somewhat extent, so reasonable refer to [20, 21]. Data on the 
experimental differential cross sections for the elastic scattering allows to reproduce the 
corresponding set of phase shifts JL  with certain accuracy. 
The quality of the theoretical model and experimental data coordination are presented 
according the well known relation 
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where e and t are the experimental cross section and theoretical one, i.e. calculated cross 
section at some given values of the elastic phase shifts JL  for the definite i number of the 
scattering angles, e – is the error of experimental cross sections measured at fixed angles, 
and N is a number of experimental dots. 
The details for the computing program for the calculations of the total and differential 
cross sections with the half-integer spin, as well as for the phase shift analysis are given in 
[21,22]. To computing the corresponding program has been converted into Fortran 90 with 
double accuracy [3]. The speed calculation has been raised up essentially. Thus, we reached 
the accuracy )( 2 1i
2
i   within the 10
-10 at the i-th step of the minimization procedure, and 
the calculation time was reduced factor of order comparing the analogue programs done in 
Turbo Basic, Borland Inc. [21,22]. 
We should remark that all masses have been taken as integer (mn = 1, mHe = 3), and the 
recalculating constant was 4686.41/ 0 m  MeV fm
2. 
 
Results of phase shift analysis 
 
The above presented methods make it possible to implement the phase shift analysis of 
the known experimental data for the elastic scattering differential cross sections of n3He-
channel in the energy interval 1-5 MeV [23-25]. Results of our first option are presented in 
Figs. 1-3. Value of mean square deviation 2 was calculated according [23-25]. As for the 
computing details we refer to [15, 21]. Fig. 4 reported the differential cross sections from [23-
25], and calculated curves obtained on the performed phase shift analysis done here. 
It is well seen in Figs. 1-3 that S scattering phase shift has no resonances what is in 
accordance of the 4He observable spectra [26]. Resonance corresponding to the quantum 
numbers Jπ, T = 0-,0 at 21.01 MeV in cm is lying on the 0.575 MeV [26] higher the threshold 
of n3He channel, i.e. 20.578 MeV associated with 3P0 phase shift situated lower [23-25]. 
Resonances 2-, 0 at 21.84 MeV and 2-, 1 at 23.33MeV in cm are revealed at 1.68 MeV and 
3.67 MeV in ls, but not in 3P2 phase shift. Finally, two extra high resonances 1
-, 1, and 1-, 0 at 
23.64 MeV and 24.25 MeV at cm coordinating to 3P1 or 
1P1 phase shifts do not reveal at 4.08 
MeV and 4.90 MeV ls energies. We interpret this situation as the apart lying levels and not 
catching in present phase shift analysis.  
In present analysis S phase shift starts from zero, but if potential contains both forbidden 
states (FS) and allowed states (AS), then it obeys to the generic Levinson theorem, and the 
corresponding phase shifts at zero energy should start from n∙where n is a number of such 
states. In treating case there are two bound states, i.e. the ground one (GS) and first excited 
state (ES) lying at 20.21 MeV relatively to the GS. Thus, 1S0 phase shift should start from 360 
degrees. This variant we will refer as the second one, the corresponding results are given in 
Figs. 5 and 6, and Fig. 7 shows the conforming differential cross sections. Concluding, we 
should remark that considered case of S and P scattering waves is quite enough to reproduce 
the available differential cross sections rather well at the treated energies. The estimated error 
for phase shifts is on 10% level (see Fig. 5), what corresponds to the error bars of the 
differential cross sections used in the analysis. For comparison dots in Fig. 5 note the singlet 
p3H scattering phase shifts from [27]. 
 
Conclusion 
 
Therefore, the set of phase shifts for n3He elastic scattering has been obtained basing on 
the analysis of experimental differential cross sections in the energy range from 1.0 up to 5.0 
MeV. Within this set we succeeded in the reproducing of the differential angular distributions 
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both quantitatively and qualitatively, what might be interesting while solving some problems 
of nuclear astrophysics [3]. Let stress once more, the obtained phase shifts are the input data 
for the constructing of the corresponding interaction potentials. These potentials in its turn are 
the standpoint for the calculations of reactions important for the astrophysical applications, for 
example, partially treated in our works [3,8]. 
Just omitting the details of the method of constructing such a potentials let us remark only 
that р3Н and n3He systems are mixed by isospin, as they have the projection Тz = 0, and hence 
the total isospin values Т = 0 and 1 are allowed. In these systems triplet and singlet phase 
shifts depend on two isospin values, and thus potentials depend effectively also [3]. Isospin 
mixing leads consequently to the mixing of the orbital states by Young schemes. In particular, 
it is kwon that in singlet spin state two orbital Young schemes allowed, i. e. {31} and {4} [4]. 
In [2] it was shown that mixed by isospin singlet р3Н scattering phase shifts may be 
presented as a half-sum of pure by isospin singlet phase shifts 
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that is equivalent to the analogous expression where the Young schemes are pointed 
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Pure phase shifts with Young scheme {31} correspond to Т = 1, and phase shifts with {4} 
to Т = 0. As far as р3Не with Тz = 1 is pure by isospin Т = 1, then it follows from given above 
expressions that basing on these kwon pure phase shifts (see, for example, [28]) and mixed 
р3Н phase shifts with possible Т = 0 and 1 (see, for example, [29]) pure by isospin Т = 0 phase 
shifts for р3Н channel can be constructed, as well as corresponding interaction potentials [2]. 
This approach is implying that pure phase shifts with Т = 1 in р3Н channel make them 
comparable to the phase shifts with Т = 1 in р3Не channel. Same procedure is valid for n3He 
system while constructing both pure phase shifts and interaction potentials [2,3]. 
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Fig.1. Elastic scattering n3He phase shifts at low energies. 
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Fig.2. Elastic scattering n3He phase shifts at low energies. 
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Fig.3. Elastic scattering n3He phase shifts at low energies. 
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Fig.4. Differential cross sections of n3He elastic scattering. 
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Fig. 5. Elastic scattering n3He phase shifts at low energies. 
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Fig. 6. Elastic scattering n3He phase shifts at low energies. 
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Fig. 7. Differential cross sections of n3He elastic scattering. 
 
